CHIMERIC G PROTEIN COUPLED RECEPTORS 

1. FIELD OF THE INVENTION 

5 The present invention relates to novel chimeric G protein receptors such as novel 

chimeric Edg receptors. 

2. BACKGROUND OF THE INVENTION 

G-protein coupled receptors ("GPCRs") are integral membrane proteins that relay 
10 signals from cell surface receptors to intracellular effectors. To date, over 1000 different 

GPCRs have been identified (see, e.g., Gether, 2000, Endocrine Reviews 21 :90-l 13; 
Kolakowski, 1994, Receptor Channels 2:1-7). GPCRs respond to a broad range of 

„' i 

^ | extrracellular signals including, for example, hormones, neurotransmitters, chemokines, 

odorants and light {see, e.g., Buneman & Hosey, 1999, J. Physiol 517.1:5-23). They play 
]? I vital roles in fundamental cell processes including growth, differentiation and survival. 

^ \ Currently, over 25 % of drugs currently on the market target GPCRs. These drugs include 

Mp J antipsychotics, antihistamines, antihypertensives, anti-migraine drugs, anti-ulcer drugs 

Pi t and analgesics. 

E j= They typically span the membrane seven times and comprise an extracellular 

N* ) domain, a transmembrane domain, and a cytoplasmic domain. The transmembrane 

S| I domain usually comprises seven transmembrane helices. Members of this superfamily 

J couple to heterotrimeric intracellular G proteins comprising a, p and y subunits. In its 

inactive state the Ga subunit binds GDP. When the receptor is activated, it physically 
associates with a G-protein and catalyzes the exchange of GTP for bound GDP in its Ga 
25 subunit. Following receptor activation, the Py subunits, which bind to each other very 

tightly, as well as the GTP-Ga subunit dissociate from the receptor and from each other. 
All three subunits, the activated a and the free Py, interact with and activate specific 
downstream cellular effectors, depending on the nature of the receptor-ligand interaction. 
Intrinsic GTPase activity in the Ga subunit converts it to the inactive GDP-bound form, 
; ' 30 and reassociation of the heterotrimeric complex restores the receptor to its resting state . 

Currently, 17 Ga-subunits, 5 GP subunits and 12 Gy subunits have been identified 
and described (Dhanasekaran et al., Oncogene 1998 17:1383-1394; Hepler and Gilman, 
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Trends Biochem. Sci. 1992 17:383-387; Strathman et al., Proc. Natl Acad. Sci. 1991 
86:7407-7409 ). Although signaling heterogeneity is derived from the various 
combinations of a, (5 and y subunits, G-proteins are classified into four distinct classes 
based on the sequence similarity of their Get subunits (subunits that are >50% similar are 
typically grouped in the same class): (a) Gas (coupled to stimulation of adenylyl cyclase 
activity and cAMP formation); (b) Gai (coupled to inhibition of adenylyl cyclase activity 
and suppression of cAMP formation; (c) Gaq (coupled to activation of phospho lipase C 
(PLC) and mobilization of intracellular calcium); and (d) Gal2: (coupled to activation of 
downstream effectors such as rac, rho; coupled to changes in intracellular cytoskeletal 
elements; not clearly understood) . 

According to conventional techniques, the activities of only a subset of the known 
GPCRs can be readily measured in a high throughput manner. In particular, those GPCRs 
that couple with the Gaq effector protein typically generate a calcium signal, mediated by 
various calcium-mobilizing messengers, that can be measured in a readily accessible 
assay. In particular, membrane-permeant fluorescent dyes, such as Fura-2 AM, and Fluo- 
4 AM, have a high affinity and specificity for ions such as calcium and undergo a 
significant shift in emitted wavelength when bound to calcium. With such dyes, detection 
of changes in intracellular calcium in whole cells, in real-time, is feasible and affordable. 
Advances in hardware, fluorescent detection tools and sensitive cameras, have further 
enabled assays for screening compounds in drug discovery programs in a high throughput 
format (Grynkiewicz et aL, J. Biol. Chem. 260:3440-3450; Mason et al., in "Fluorescent 
and Luminescent probes for Biological Activity"; ed. W.T. Mason; pp 161-195; 
Academic Press, London). There are many advantages to using such an assay: (i) the 
response is rapid (milliseconds to seconds); (ii) the response is transient; (iii) the response 
can be measured in whole, live cells and not just cell membranes and (iv) the response is 
a measure of receptor activation, rather than just receptor binding. Modulation of such a 
response is therefore biologically relevant, and can have long-term consequences to the 
behavior of the cell. 

Although the calcium assay is very suitable for high-throughput screens, it suffers 
at least one major disadvantage: it can only be applied to receptors that are coupled to 
second messenger pathways that involve changes in intracellular calcium. For the GPCR 



-2- 



CAl -279195.1 



superfamily, this technique is restricted to the Gctq-coupled receptors. Traditional 
methods for assaying the remaining GPCRs are labor and time intensive and cannot be 
readily utilized in a high throughput manner. These include binding assays, cAMP 
detection, and reporter gene techniques, and typically involve significantly more time and 
effort than a calcium mobilization assay. Further, binding assays are not whole cell 
assays and therefore do not necessarily have a biologically relevant read-out. In addition, 
cAMP assays are not as rapid and transient as calcium assays. Furthermore, reporter gene 
techniques are significantly more time intensive, not always robust and reproducible and 
measure responses that are much further downstream of receptor activation than calcium 
mobilization. These responses can therefore be prone to receptor-independent cellular 
effects that can be misinterpreted as receptor-dependent effects. Therefore, new 
compositions and methods are needed to facilitate high throughput measurement of the 
activities of a broad range of GPCRs. 



3. SUMMARY OF THE INVENTION 

In one aspect, the present invention provides novel chimeric G protein coupled 
receptors ("GPCRs"). The novel chimeric GPCRs are designed from a first GPCR and 
typically incorporate a portion of a second GPCR. Preferred chimeric GPCRs retain the 
native ligand binding properties of the first GPCR and are readily detectable in high 
throughput assays because they comprise a portion of the second GPCR. 

In one embodiment, a chimeric GPCR of the invention comprises the extracellular 
domain of a first GPCR, the transmembrane domain of the first GPCR and a chimeric 
intracellular domain. In certain preferred embodiments, the chimeric intracellular domain 
comprises at least two strands having the polypeptide sequences of a corresponding strand 
of a second GPCR. The other strands of the chimeric intracellular domain can have the 
polypeptide sequence of a corresponding strand in the first GPCR, the polypeptide 
sequence of a corresponding strand in another GPCR, or any other polypeptide sequence. 
In certain embodiments, all strands of the chimeric intracellular domain have the 
polypeptide sequences of corresponding strands in the second GPCR. In another 
embodiment, a chimeric GPCR of the invention comprises the extracellular domain of a 
first GPCR, the transmembrane domain of the second GPCR and an intracellular domain 
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comprising at least two strands having the polypeptide sequences of the corresponding 
strands of the second GPCR. The other strands of the intracellular domain can have the 
polypeptide sequence of a corresponding strand in the second GPCR, a corresponding 
strand in another GPCR or any other polypeptide sequence. In yet another embodiment, a 
chimeric GPCR of the invention comprises the extracellular domain of a first GPCR, th 
transmembrane domain of a second GPCR and the intracellular domain of the second 
GPCR. 

In another embodiment, a chimeric GPCR of the invention is a chimeric Edg 
receptor comprising the extracellular domain of a first Edg receptor, the transmembrane 
domain of the first Edg receptor and a chimeric intracellular domain. The chimeric 
intracellular domain comprises at least one strand having the polypeptide sequence of a 
corresponding strand of a second Edg receptor. The other strands of the chimeric 
intracellular domain can have the polypeptide sequence of a corresponding strand in the 
first Edg receptor, the polypeptide sequence of a corresponding strand in another Edg 
receptor, the polypeptide sequence of a corresponding strand in another GPCR or any 
other polypeptide sequence. In certain embodiments, all strands of the chimeric 
intracellular domain have the polypeptide sequences of corresponding strands in the 
second Edg receptor. 

As illustrated in FIG. 1, GPCRs typically possess extracellular domains ("ECDs") 
10, intracellular domains ("ICDs") 14 and transmembrane domains ("TMDs") 12. The 
ECD and ICD of a GPCR may each comprise four strands, and the TMD of a GPCR may 
comprise seven strands. A strand is a contiguous stretch of amino acids within a domain 
of a GPCR. For instance, the strands of ECD 10 include amino-terminal strand 16, loop 
18, loop 20 and loop 22. The strands of ICD 14 include first intracellular loop 24, second 
intracellular loop 26, third intracellular loop 28 and carboxy-terminal strand 30. 
Typically, a strand is linked to another domain of the GPCR. For instance, first 
intracellular loop 24 is linked to TMD helix 31 and to TMD helix 33. 

While not intending to be bound by any particular theory, the ECD and/or TMD of 
a GPCR can bind the ligand of the GPCR to initiate signaling by the receptor. The ICD 
of the GPCR can interact with a Got protein to initiate intracellular signaling. Native 
GPCRs selectively interact with certain Ga proteins to trigger specific cellular responses. 
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The responses depend on the identity of the Ga protein. For instance, Gaq stimulates 
phospholipase C activity and the mobilization of intracellular calcium. Several other Ga 
proteins, including, but not limited to, Gas, Gai, Gal 2/1 3 might trigger other intracellular 
responses. A chimeric GPCR designed from a first GPCR that couples with one of these 
Ga proteins can trigger calcium mobilization if, in the chimeric GPCR, at least one strand 
of its ICD is replaced with a corresponding strand from a second GPCR that couples with 
a Gaq protein according to the present invention. The resulting chimeric GPCR can then 
easily be assayed, for instance, by measuring calcium mobilization. 

Thus, particularly useful chimeric GPCRs include those wherein one or more ICD 
strands are replaced with corresponding strands from a Gaq coupled GPCR. For instance, 
the native Edg 1 receptor, a GPCR that has been linked to endothelial differentiation, 
typically couples with a Gai protein and inhibits cAMP formation. A chimeric GPCR can 
be designed from the primary sequence of the Edg 1 receptor and one or more ICD 
strands from a Gaq coupled GPCR, e.g. Edg 3, to generate a chimeric Edg 1 receptor that 
triggers calcium mobilization in the appropriate cell type. 

The chimeric ICD strands may be linked to the remainder of the chimeric G 
protein coupled receptor via virtually any type of linkage known to those of skill in the art 
for linking peptide or polypeptide moieties together. Typically, the linkage will be 
covalent, and may include an optional linker or spacer molecule. In embodiments in 
which the chimeric G protein coupled receptor will be expressed using biological 
systems, the chimeric ICD strands are fused either directly or through a peptide linker or 
spacer to the amino- or carboxy- termini of adjacent TMD helices. In embodiments in 
which the chimeric G protein coupled receptor is prepared synthetically or 
semisynthetically, the chimeric strands may be linked to the amino- or carboxy- termini of 
adjacent TMD helices using virtually any linkage chemistry that does not destroy the 
integrity of the entire chimeric G protein coupled receptor. The linkage may be mediated 
by way of a linker or spacer molecule, which may be biological or non-biological in 
nature. 

In another aspect, the present invention provides nucleic acids for expressing the 
chimeric GPCRs of the invention. The nucleic acid may be an RNA or a DNA having a 
sequence that encodes the chimeric GPCR operatively linked to a regulatory sequence that 
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directs or effects expression. In a particularly useful embodiment, the nucleic acid is a 
DNA expression vector. Such vectors generally comprise a promoter operatively linked 
to a polynucleotide that encodes the chimeric GPCR. 

In still another aspect, the present invention provides cells capable of expressing a 
chimeric GPCR. The cells of the invention generally comprise a nucleic acid capable of 
expressing a chimeric GPCR. The cells can be prokaryotic or eukaryotic, and the cells 
can be stably or transiently transfected with the nucleic acid. 

In yet another aspect, the present invention provides methods of expressing a 
chimeric GPCR. The methods comprise expressing a nucleic acid encoding a chimeric 
GPCR of the invention and recovering the chimeric GPCR. In a particularly convenient 
embodiment, host cells comprising a nucleic acid capable of expressing the chimeric 
GPCR are cultured under conditions which permit expression and the expressed chimeric 
GPCR is recovered from the culture, e.g., in a purified form or as part of a membrane 
preparation. 

In another aspect, the present invention provides methods of screening for 
compounds that bind and/or modulate the activity of a first GPCR. In embodiments of 
these methods, a chimeric GPCR designed from a first GPCR and comprising a chimeric 
ICD is contacted with a test compound. The cell is then assayed for a detectable signal 
that indicates compound binding and/or modulation of the activity of the chimeric GPCR. 
The signal can be, for instance, a signal produced by a downstream effector of the second 
GPCR. 

The chimeric GPCRs of the invention will find use in virtually any type of method 
in which the signaling and/or G protein coupling of a GPCR can be altered. For example, 
the chimeric GPCRs are useful in a high-throughput screening assay to identify 
compounds that bind the polypeptide. The chimeric GPCRs of the invention thus enable 
high throughput uses that are not achievable with the first GPCR from which they are 
designed. 

4. BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A provides a schematic representation of an exemplary G protein coupled 
receptor; 
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FIG. IB provides a schematic representation of a chimeric GPCR of the invention 
designed from the native GPCR of FIG. 1 A; 

FIG. 2 provides intracellular calcium mobilization by chimeric GPCRs of the 
invention; 

FIG. 3 provides the dose response of intracellular calcium mobilization by a 
chimeric GPCR of the invention; 

FIG. 4 provides intracellular calcium mobilization by an Edg 1/3 (ct) chimera; and 
FIG. 5 provides intracellular calcium mobilization by Edg8/4(ct) and Edg5/3(i3ct) 
chimeras. 

5. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides novel compositions designed from a first G protein 
coupled receptor that mimic or possess one or more of the biological activities of a second 
G protein coupled receptor. The compositions can be used, for instance, to adapt a first G 
protein coupled receptor to a convenient high throughput method of screening. 

5.1 Abbreviations 

The amino acid notations used herein for the twenty genetically encoded L-amino 
acids are conventional and are as follows: 

VlkZ \ 



Amino Acid 


\ One-Letter 
\ Abbreviation 


Three Letter 
Abbreviation 


Alanine 


\ A 


Ala 


Arginine 


\ R 


Arg 


Asparagine 




Asn 


Aspartic acid 


D \ 


Asp 


Cysteine 


C \ 


Cys 


Glutamine 


Q \ 


Gin 


Glutamic acid 


E \ 


Glu 


Glycine 


G \ 


Gly 


Histidine 


H 


\ His 


Isoleucine 


I 


\ lie 
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Amino Acid \ 


One-Letter 
Abbreviation 


Three Letter 
Abbreviation 




T 


Leu 


Lysine \ 




Lys 


Methionine 


\ JVl 


Met 


Phenylalanine 


\ T7 

\ ^ 


x'ne 


rroiine 


\ p 


rro 


Serine 


\ Q 
\ 


oer 


Threonine 


\ T 


Thr 


Tryptophan 


\ w 


Trp 


Tyrosine 




Tyr 


Valine 




Val 



As used herein, unless specifically delineated otherwise, the three-letter amino 
acid abbreviations designate amino acids in the L-configuration. Amino acids in the D- 
configuration are preceded with a "D-." For example, Arg designates L-arginine and D- 
Arg designates D-arginine. Likewise, the capital one-letter abbreviations refer to amino 
acids in the L-configuration. Lower-case one-letter abbreviations designate amino acids 
in the D-configuration. For example, "R" designates L-arginine and "r" designates D- 
arginine. 

Unless noted otherwise, when polypeptide sequences are presented as a series of 
one-letter and/or three-letter abbreviations, the sequences are presented in the N -> C 
direction, in accordance with common practice. 

The abbreviations used throughout the specification to refer to nucleic acids 
comprising specific nucleobase sequences are the conventional one-letter abbreviations. 
Thus, when included in a nucleic acid, the naturally occurring encoding nucleobases are 
abbreviated as follows: adenine (A), guanine (G), cytosine (C), thymine (T) and uracil 
(U). Also, unless specified otherwise, nucleic acid sequences that are represented as a 
series of one-letter abbreviations are presented in the 5 1 — > 3' direction. 

5.2 Definitions 

As used herein, the following terms shall have the following meanings: 
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" Genetically Encoded Amino Acid " refers to L-isomers of the twenty amino acids 
that are defined by genetic codons. The genetically encoded amino acids are the L- 
isomers of glycine, alanine, valine, leucine, isoleucine, serine, methionine, threonine, 
phenylalanine, tyrosine, tryptophan, cysteine, proline, histidine, aspartic acid, asparagine, 
glutamic acid, glutamine, arginine and lysine. 

" Genetically Non-Encoded Amino Acid " refers to amino acids that are not defined 
by genetic codons. Genetically non-encoded amino acids include derivatives or analogs 
of the genetically-encoded amino acids that are capable of being enzymatically 
incorporated into nascent polypeptides using conventional expression systems, such as 
selenomethionine (SeMet) and selenocysteine (SeCys); isomers of the genetically- 
encoded amino acids that are not capable of being enzymatically incorporated into nascent 
polypeptides using conventional expression systems, such as D-isomers of the 
genetically-encoded amino acids; L- and D-isomers of naturally occurring a-amino acids 
that are not defined by genetic codons, such as a-aminoisobutyric acid (Aib); L- and D- 
isomers of synthetic a-amino acids that are not defined by genetic codons; and other 
amino acids such as p-amino acids, y-amino acids, etc. In addition to the D-isomers of 
the genetically-encoded amino acids, exemplary common genetically non-encoded amino 
acids include, but are not limited to, norleucine (Nle), penicillamine (Pen), N- 
methylvaline (MeVal), homocysteine (hCys), homoserine (hSer), 2,3-diaminobutyric acid 
(Dab) and ornithine (Orn). Additional exemplary genetically non-encoded amino acids 
are found, for example, in Practical Handbook of Biochemistry and Molecular Biology, 
1989, Fasman, Ed., CRC Press, Inc., Boca Raton, FL, pp. 3-76 and the various references 
cited therein. 

" TMD Strand " or " TMD Helix " refer interchangeably to an individual polypeptide 
strand of an integral membrane protein, whether helical or non-helical in structure, that 
traverses the cell membrane. For example, strands 31, 33, 35, 37, 39, 41 and 43 of the G 
protein coupled receptor illustrated in FIG. 1 A are each TMD strands or TMD helices. 
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" Transmembrane Domain " or " TMD " refers collectively to all strands of an 
integral membrane protein that traverse the cell membrane. For example, the TMD of the 
G protein coupled receptor illustrated in FIG. 1 A comprises strands 31, 33, 35, 37, 39, 41 
and 43 (illustrated as cylinders in FIG. 1 A). 

" Intracellular Strand " refers to a contiguous stretch of amino acids of an integral 
membrane protein that reside on the interior (intracellular) side of the cell. For example, 
in the G protein coupled receptor illustrated in FIG. 1 A, preferred intracellular strands 
include first intracellular loop 24, second intracellular loop 26, third intracellular loop 28 
and carboxy terminal strand 30. 

" Intracellular Domain " or " ICD " refers collectively to all strands of an integral 
membrane protein that reside on the interior (intracellular) side of the cell. For example, 
the ICD of the G protein coupled receptor illustrated in FIG. 1 A comprises first 
intracellular loop 24, second intracellular loop 26, third intracellular loop 28 and carboxy 
terminal strand 30. 

" Extracellular Strand " refers to a contiguous stretch of amino acids of an integral 
membrane protein that reside on the exterior (extracellular) side of the cell. For example, 
in the G protein coupled receptor illustrated in FIG. 1 A, preferred extracellular strands 
include first extracellular loop 18, second extracellular loop 20, third extracellular loop 22 
and amino terminal strand 16. 

" Extracellular Domain " or " ECD " refers collectively to all strands of an integral 
membrane protein that reside on the exterior (extracellular) side of the cell. For example, 
the ECD of the G protein coupled receptor illustrated in FIG. 1 A comprises first 
extracellular loop 18, second extracellular loop 20, third extracellular loop 22 and amino 
terminal strand 16. 

" Function " or " Activity " refers to a biological activity of a molecule of the 
invention. The biological activity is any activity recognized by those of skill in the art. 



-10- 



CAl -279195.1 



For instance, biological activities include ligand binding, antibody binding, receptor 
signaling, other intermolecular interactions, immunogenicity and other biological 
activities recognized by those of skill in the art. In particular, when a chimeric GPCR 
retains or mimics the function or activity of an integral membrane protein, the chimeric 
GPCR should mimic or retain at least one biological activity of the integral membrane 
protein. A preferred function or activity of a chimeric GPCR of the invention is the 
ability of the chimera to trigger the mobilization of intracellular calcium. 

5.3 Chimeric GPCRs 

The chimeric GPCRs of the invention may be designed from any G protein 
coupled receptor. Examples of G protein coupled receptors that can be used to design 
chimeric GPCRs include, by way of example and not limitation, GPCRs in the (3- 
adrenergic, thrombin, secretin and VP AC families of receptors. Specific examples of 
GPCRs that can be used for the design of a chimeric GPCR according to the present 
invention include, for example, Edg receptors such as Edg 1, Edg 2, Edg 3, Edg 4, Edg 5, 
Edg 6, Edg 7 and Edg 8. Other examples include God-coupled receptors such as 
cannabinoid receptors, adenosine receptors; Gas-coupled receptors such as glucagon 
receptors, GnRH receptors; Gctl2-coupled receptors such as thromboxane receptors, and 
neurokinin- 1 receptors. 

Referring to FIG. 1 A, a typical G protein coupled receptor 8 from which a 
chimeric GPCR may be designed comprises an ECD 10, a TMD 12 (illustrated embedded 
in membrane 13) and an ICD 14. TMD 12 is composed of seven helices - TMD helices 
31, 33, 35, 37, 39, 41 and 43 (illustrated as cylinders). ECD 10 is composed of four 
strands - amino terminal strand 16, first extracellular loop 18, second extracellular loop 
20 and third extracellular loop 22. ICD 14 is composed of four strands - first intracellular 
loop 24, second intracellular loop 26, third intracellular loop 28 and carboxy terminal 
strand 30. 

The starting and ending points of the various strands of GPCR 8 can be 
determined according to a variety of methods known to those of skill in the art. For 
instance, the boundaries of the strands of many GPCRs are well known in the art. In 
instances where such boundaries are not known, they can be readily ascertained from the 
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sequence of GPCR 8 in conjunction with hydropathy analyses or plots (see, e.g., Kyte & 
Doolittle, 1982, J. Mol. Biol. 157:105-132), as well as other methods, such as sequence 
alignments, as are known in the art. 

In one embodiment, a chimeric GPCR of the invention 9 may be designed from 
integral membrane protein 8. Referring to FIG. IB, to design a chimeric GPCR 9 of the 
invention from first GPCR 8, the ICD 14 of first GPCR 8 is replaced with chimeric ICD 
14 f . Chimeric GPCR 9 thus comprises ECD 10\ TMD 12 f and chimeric ICD 14\ 
Chimeric ICD 14' is described in detail below. In chimeric GPCR 9, ECD 10* typically 
corresponds to ECD 10 of first GPCR 8, and TMD 12 f typically corresponds to TMD 12 
of first GPCR 8. 

In another embodiment, a chimeric GPCR of the invention 9 may be designed 
from integral membrane protein 8. Referring to FIG. IB, to design a chimeric GPCR 9 of 
the invention from first GPCR 8, the ICD 14 of first GPCR 8 is replaced with chimeric 
ICD 14 f , and the TMD 12 of first GPCR 8 is replaced with chimeric TMD 12\ Chimeric 
GPCR 9 thus comprises ECD 10\ chimeric TMD 12* and chimeric ICD 14 f . Chimeric 
ICD 14' is described in detail below. Chimeric TMD 12' can comprise one or more of the 
TMD strands, or a portion thereof, of a second GPCR. In chimeric GPCR 9, ECD 10' 
typically corresponds to ECD 10 of first GPCR 8. Preferably, in such embodiments the 
first GPCR is one in which its native ligand binds the ECD and does not significantly 
bind the TMD, e.g. the metabotropic glutamate receptors and the metabotropic y-amino 
butyric acid receptors (see, e.g., Gether, 2000, Endocrine Reviews 21:90-113). 

The chimeric GPCRs of the invention can be used, for instance, to alter the 
downstream signaling properties of first GPCR 8. While not intending to be bound by 
any particular theory of operation, native GPCRs can function by transducing signals 
from a bound ligand on the surface of a cell to downstream effectors within the cell. 
GPCRs generally couple with one or more specific Ga proteins to initiate the intracellular 
signaling process. The type of Ga protein to which the GPCR couples typically 
determines the character of the response to signaling of the GPCR. Surprisingly, the 
chimeric GPCRs of the present invention display altered coupling properties. By 
replacing the appropriate ICD strand or strands in a first GPCR with a corresponding 
strand or strands of a second GPCR, the first GPCR can be made to couple with the Ga to 
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which the second GPCR couples. Such chimeric GPCRs are useful for adapting any 
GPCR, no matter with which Ga the first GPCR couples, to convenient high throughput 
assays. 

The ability of a chimeric GPCR to bind a ligand and/or to trigger downstream 
signaling events can be assayed routinely. As such, a chimeric GPCR can be designed 
comprising any combination of sequences and can be tested for a desired function or 
activity without undue experimentation. 

5.3.1 The Chimeric Intracellular Domain 

Similar to the GPCR 8 from which chimeric GPCR 9 was designed, ICD 14 f is 
composed of first intracellular loop 24\ second intracellular loop 26\ third intracellular 
loop 28 f and C-terminal strand 30V In chimeric GPCRs of the invention, at least two 
strands of first GPCR 8 are replaced with corresponding strands of a second GPCR. For 
example, third intracellular loop 28 can be replaced with third intracellular loop 28' from 
a second GPCR and C-terminal strand 30 can be replaced with C-terminal strand 30 ? from 
a second GPCR. The remaining strands of ICD 14' can correspond to the corresponding 
strands of the first GPCR, corresponding strands of the second GPCR, strands of other 
GPCRs, or strands of other proteins or novel sequences. 

Preferably, replacing the intracellular strand alters the function of the first GPCR. 
For instance, replacing at least two intracellular strands from a first GPCR that couples 
with a first Ga protein with the corresponding intracellular strands of a second GPCR that 
couples with a second Ga protein can cause the resulting chimeric GPCR to couple with 
the second Ga protein. The remaining strands of the chimeric ICD can be replaced with 
corresponding strands from the second GPCR, with corresponding strands from other 
GPCRs, with strands from other polypeptides or with novel strands. 

Preferred second GPCRs for the chimeric strands of the chimeric ICD include 
those GPCRs that are useful for high-throughput screening. Such GPCRs include, but are 
not limited to, GPCRs that couple with Gaq proteins. For example, preferred second 
GPCRs of the invention include Edg 2, Edg 3, Edg 4 and Edg 7. 

In certain embodiments of the invention, one entire strand of the first GPCR is 
replaced by the entire corresponding strand of the second GPCR. However, in other 
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embodiments of the invention, the starting and ending points (i.e., the N- and C-termini) 
of the segment of the first GPCR which is replaced can vary by one or more amino acids 
from the starting and ending points of the strand itself. In other words, for the purposes of 
the invention, the boundary between a TMD helix and an ICD strand can vary by one or 
more amino acid residues from the definition given above. For instance, one or more 
residues of an adjacent TMD helix can be replaced. If any residues of a TMD helix are 
replaced, the replacement preferably should be designed so as not to disrupt the structure 
of the resulting chimera and/or so as not to disrupt the ligand binding properties of the 
resulting chimera. The ligand binding properties of the chimera can be assayed readily 
according to the methods discussed below. In addition, one or more residues of the ICD 
strand can remain in the chimera. Preferably, the variation between the strand itself and 
the replaced segment is no more than 0, 1 or 2 amino acids at either end. Most preferably, 
the entire ICD strand is replaced and no residues of adjacent TMD helices are replaced. 

Similarly, the starting point and ending point of the segment from the second 
GPCR which is included in the chimeric GPCR can match exactly the starting point or 
ending point of a strand in the second GPCR. Alternatively, the starting point and ending 
point can vary independently by one or more amino acids. The variation in the starting or 
ending points should not be so great as to significantly reduce the structure or function of 
the resulting chimeric GPCR. Preferably, the variation between the strand itself and the 
replacing segment is no more than 0, 1 or 2 amino acids at either end. Most preferably, 
the entire strand is included in the chimeric GPCR. 

Furthermore, the amino acid sequence of the replacing strand can match exactly 
the sequence of a strand in the second GPCR. Alternatively, the replacing strand can 
possess one or more mutations relative to the strand of the second GPCR. In certain 
embodiments the mutations are conservative mutations, in other embodiments the 
mutations are non-conservative. The strand can also include genetically non-encoded 
amino acids. Preferably, the mutations do not significantly change the structure or reduce 
the function of the chimeric GPCR. 

5.3.2 The Extracellular Domain 

ECD 10 f corresponds to ECD 10 of first GPCR 8. The amino acid sequence of 
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ECD 10' may correspond identically to the amino acid sequence of ECD 10 of integral 
membrane protein 8. Alternatively, it may include one or more mutations, which may be 
conservative or non-conservative or consist of insertions or deletions, as are well-known 
in the art. The non-conservative mutations can include encoded or genetically non- 
encoded amino acids. Preferably, such mutated ECDs 10' will retain significant biological 
activity. Alternatively, chimeric GPCRs of the invention including mutated ECDs 10' of 
unknown activity may be designed and synthesized as a convenient means of assessing 
the affect of such mutations on the activity of ECD 10', and by correlation upon the ECD 
10 of integral membrane protein 2 to which functional domain 10* corresponds. 
Preferably, the amino acid sequence of ECD 10' will correspond identically to the 
sequence of ECD 10. 

5.3.3 Transmembrane Domain 

In certain embodiments, TMD 12' corresponds to TMD 12 of first GPCR 8. The 
amino acid sequence of TMD 12' may correspond identically to the amino acid sequence 
of TMD 12 of integral membrane protein 8. Alternatively, it may include one or more 
mutations, which may be conservative or non-conservative or consist of insertions or 
deletions, as are well-known in the art. Preferably, such mutated TMDs 12' will retain at 
least some biological activity. Alternatively, chimeric GPCRs of the invention including 
mutated TMDs 12' of unknown activity may be designed and synthesized as a convenient 
means of assessing the effect of such mutations on the activity of TMD 12', and by 
correlation upon the TMD 12 of integral membrane protein 2 to which functional domain 
10' corresponds. Preferably, the amino acid sequence of TMD 12' will correspond 
identically to the sequence of TMD 12. 

In certain other embodiments, TMD 12' corresponds to the TMD of the second 
GPCR. Typically, all seven strands of TMD 12' correspond to the corresponding strands 
of the second GPCR. The amino acid sequence of TMD 12' may correspond identically 
to the amino acid sequence of the TMD of the second GPCR. Alternatively, it may 
include one or more mutations, which may be conservative or non-conservative or consist 
of insertions or deletions, as are well-known in the art. Preferably, such mutated TMDs 
12' will retain at least some biological activity. Preferably, the amino acid sequence of 
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TMD 12' will correspond identically to the sequence of the TMD of the second GPCR. 

5.4 Spacers or Linkers 

The chimeric intracellular strands and the appropriate transmembrane strand(s) 
can be linked together either directly or via an optional spacer or linker. The spacers or 
linkers of a chimeric GPCR can be any moieties known to those of skill in the art to be 
capable of linking one moiety to a second moiety. The spacer or linker may be rigid, 
semi-rigid or flexible, hydrophilic or hydrophobic, long or short, etc. A plethora of 
spacers or linkers suitable for linking strands or domains are known in the art. The actual 
choice of spacer or linker will depend upon, among other things, the nature of the 
chimeric GPCR, the length vs. rigidity of the spacer, etc., and will be apparent to those of 
skill in the art. Preferred spacers or linkers are peptides or polypeptides that do not 
interfere with the function of the chimeric GPCR. The function of the chimeric GPCR 
can be assayed readily according to the methods described below. 

5.5 Chimeric Edg Receptors 

In certain embodiments, the present invention provides chimeric Edg receptors. 
Edg receptors are encoded by endothelial differentiation genes and bind the lipid ligand 
lysophosphatidic acid or sphingosine-1 -phosphate. Edg receptors have been implicated in 
ovarian cancer, prostate cancer, breast cancer, cardiovascular diseases and central nervous 
system disorders such as multiple sclerosis. A chimeric Edg receptor can be designed 
from a known Edg receptor including Edg 1, Edg 2, Edg 3, Edg 4, Edg 5, Edg 6, Edg 7 or 
Edg 8 or any Edg receptor yet to be discovered. Preferred Edg receptors include, but are 
not limited to, human and rat Edg receptors. 

To design a chimeric Edg receptor from a first Edg receptor, at least one ICD 
strand of the first Edg receptor is replaced with a corresponding strand from a second 
GPCR according to the description above. The corresponding strand is selected from a 
GPCR that couples with a Got protein that triggers a signal that is compatible with a high- 
throughput screen. Such GPCRs include GPCRs that couple with a Gaq protein. In 
preferred embodiments, the corresponding strand is selected from a second Edg receptor. 

In the ICD of a chimeric Edg receptor, any of the strands can be replaced with a 
corresponding strand of a second Edg receptor. In certain embodiments, more than one 
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strand is replaced. In fact, three or even all four of the ICD strands can be replaced with 
corresponding strands from a second Edg receptor. In preferred embodiments, both the 
second intracellular loop and the third intracellular loop of the first Edg receptor are 
replaced with corresponding strands of the second Edg receptor. In further embodiments, 
the second intracellular loop, the third intracellular loop and the carboxy terminal strand 
of the first Edg receptor are replaced with corresponding strands of the second Edg 
receptor. 

Referring to FIG. 1 A and FIG. IB, any of the ICD strands of first Edg receptor 8 
(including first intracellular loop 24, second intracellular loop 26, third intracellular loop 
28 and carboxy terminal strand 30) can be replaced with a corresponding strand from a 
second GPCR or from a second Edg receptor. In preferred embodiments more than one 
ICD strand of the first GPCR is replaced with a corresponding strand from a second 
GPCR or a second Edg receptor. For instance, in specific embodiments first intracellular 
loop 24, second intracellular loop 26, third intracellular loop 28 and carboxy terminal 
strand 30 of a first Edg receptor can all be replaced with corresponding strands of a 
second Edg receptor to generate a robust chimeric Edg receptor. 

Particularly useful chimeric Edg receptors include those in which the first Edg 
receptor couples with a first Ga protein and the second Edg receptor couples with a 
second Ga protein. Those Edg receptors which couple with the Gaq protein and mobilize 
intracellular calcium include Edg 2, Edg 3, Edg 4 and Edg 7. The remaining Edg 
receptors (Edg 1, Edg 5, Edg 6 and Edg 8) do not couple with the Gaq protein and cannot 
mobilize intracellular calcium. Thus, preferred chimeric Edg receptors are designed from 
Edg 1, Edg 5, Edg 6 or Edg 8 and comprise a chimeric ICD having at least one strand 
from the ICD of Edg 2, Edg 3, Edg 4 or Edg 7. Such chimeric Edg receptors can be used 
in convenient high throughput assays to identify compounds that bind or modulate the 
activity of Edg 1, Edg 5, Edg 6 or Edg 8. 

As discussed for chimeric GPCRs above, the ECD and/or TMD of a chimeric Edg 
receptor can correspond identically to the ECD and/or TMD of the first Edg receptor. 
Alternatively, each domain can have one or more mutations from the corresponding 
domain of the first Edg receptor. The mutations can be conservative or non-conservative. 

Preferred chimeric Edg receptors retain the ligand binding properties of the first 
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Edg receptor. Residues known to confer ligand binding specificity to the first Edg 
receptor should either not be altered in the chimeric GPCR or altered only conservatively. 
For instance, the Edg 1 residues Arg 120 , Arg 292 , and Glu 121 might be significant for 
substrate binding specificity (see Parrill et al, 2000, J. Biol. Chem. 275:39379-39384). 
The activity and ligand binding specificity of chimeric Edg receptors can be determined 
by methods known to those of skill in the art as discussed below. 

Non-limiting examples of native Edg receptors are presented in Table 2. In Table 
2, italicized sequences indicate ICD strands {e.g. strand 24, 26, 28 or 30 of an Edg 
receptor), underlined sequences indicate TMD strands {e.g. strand 31, 33, 35, 37, 39, 41 
or 43 of an Edg receptor), and plain text sequences indicate ECD strands {e.g., strand 16, 
18, 20 or 22 of an Edg receptor). 



T&ble2 

Amino Acid Sequences of Edg Receptors 



MGPTSVPLVKAHRSSVSDTVNYDIIVRHYNYTGKLNISADKENSI 
KLTSWFILICCFI ILENlVvLLTI WKTKKFH RPMYYFI GNLALS 
DLIAGVAYTANLL LSGATTYKLTPAOWFLRE GSMFVALSASVFSL 
LAIAI FR YI TMLKMKLHNGshlNF RL F L L I S ACWVI SL I LGGLP I M 
GWNC I SAL S S C S TVLPLYHK HYILFCTTVFTLLLLSIVILYCRI Y 
SIaV RTRSRRLTFRKNISKASR^SEKSLALL KTVI I vlsvf iacwa 

plf i llll dvgckvktcd i lfr aie yflvlavlnsgtnp 1 1 ytl tn 
kemrrafirimscckcpsgdsagl^fkrpiiagmefsrsksdnssh 
pqkdegdnpe timssgnvnsss \ 

maaistsipvisqpqftamnepqcf^nesiaffynrsgkhlatew 
nt vs klvmglg i t vc i f i mlanllvm^a i yvnrrfh fp i yylman 
laaadffaglayfylmfn tgpntrrltVs twllrqglidtsltas 
vanl la i a i erhi tvfrmqlhtrmsnr kstvvv i w i wtma i vmga 
ipsvgwnc i cd i encsnmaply sdsylvf^ai fnlvtfwmwly 
ahifgyv ror tmrmsrhssgprrnrdtiml&l ktvvxv'lgafi i c 
wtpglvlllld vccpqcdvlay ekfflllabifnsamnp 1 1 ysy rd 
kemsa tfrqil ccqr senp tgptegsdr sa &glnhtila g vhsnd 

HSW \ 




Human Edg 1 
(SEQIDNO: 1) 

Genbank 
Accession No. 
AF233365 



Human Edg2 
(SEQ ID NO:30) 

Genbank 
Accession No. 
U78192 
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Table 2 

Aiftino Acid Sequences of Edg Receptors 



Human Edg 3 
(SEQ ID NO:2) 

Genbank 
Accession No. 
X83864 



Human Edg4 
(SEQIDNO:31) 

Genbank 
Accession No. 
AF233092 



Human Edg 4 mt 
(SEQ ID NO:32) 

Genbank 
Accession No. 
AF011466 



Human Edg 5 
(SEQ ID NO:33) 

Genbank 
Accession No. 
AF034780 



MATALPPRLOPVRGNETLREHYOYVGKLAGRLKEASEGS TLTTVL 
FLVICSraVLENLMVLIAI ftfl^ 

AYKVNILk sGKKTFSLSPT WFLREGSMFVALGASTCSLIAIAI K 
RHLTMIKimPYDANKRH RVFLLIGMCVILIAFTLGALPILGW siCLH 
NLPDCSTIBPLYS KKYIAFCISIFTAILVTIVILYARIYFLV JCSS 
SRKVANHNNSER SMALL RTW I WSVFIACWS PLF I LFL I DV ACR 
VQAC P ILF K^WFIVIAVLNSAMNPVIYTLA gKEZ^Ri^FF^LVCi^ 
CL VRGRGARA15PIQPALDPSRSKSSSSNNSSHSPKVKEDLPHTDP 
SSCIMDKNAADQNGIFCN 

MVIMGQCYYNETOGFFYNNSGKELSSHWRPKD VVVVALGLTVSVL 
VLLTNLLVIAAlA SJ^RJgFH OPIYYLLGNLAAADLFAGVAYLFLMF 
HTGPRTARLSLE GWFLRQGLLDTSLTASVATLLAIAV F^HRSVMA 
VQLHS^LP^GJ ^VVMLIVGVWVAALGLGLLPAHSWH CLCALDRCSR 
MAPLL S R S YLAVWaL S S LLVFLLMVAVYTR I F FYV RRR VQRMAEH 

vschpryrettlslv ^vvixlgafvvcwtpgovvllld glgces 
cnvla ve ky f l l lae an s l vnaa vy s c rdaemrr tfrrll cca cl 
rqstresvhytssaqg&astrimlpenghplmdstl 

iwimgocyynetigffyWsgkelsshwrpkd vvwalgltvsvl 
vlltnllviaai asn^ra opiyyllgnlaaadlfagvaylflmf 
htgprtarlsle gwflrq^ldtsltasvatliaiav fi^hrsvz^a 
yolhsi^i/p^g^ v^livgv^yaalglgllpahswh clcaldrcsr 
maplls rsylawalssllwllmvavytri^ 
vschpryrettlslv ktwi migafwcwtpgqwllld glgces 
cnvla vekyflliaeanslwj^vysc cl 
rqstresvhytssaqggastrimlpenghplmtppfsylelqr ya 
asnkstapddlwvllaqpnqqd\ 

mgslyseylnpnkvqehynytketletqettsr ovasafivilcc 
a i wenllvl i av arnskfh sam yl> flgnlaa s dllagvafvant 
llsgs vtlrltpv qwfaregsas i t^lsas vfsllai ai erhvaia 
kvkl ygsdks c rmll l i gas wl i s lvlgglp i lgwnc lghleacs 
tvl pl y akh yvlcvvt i f s 1 1 lla i val yvr i ycvv rsshadmaa 
pqtlall ktvtivlgvfivcwlpafsillld yacpvhscpilyka 
uyffavstlnsllnpviytvi rsrdlrr^vlrplocwrpgvgvogr 
rrvgtpghhllplrsssslergmhmptsptflegntw 
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Table 2 

Amino Acid Sequences of Edg Receptors 



MNATGTP VAPE S CQQLAAGGH SRLI VLH YNHS GRLAGRGGPEDGG 
L GALRGLSVAASCLWLENLLVLAAI TSHMRSR RWJYYCIjVNI TL 
SDLLTGAAYLAJWLL SGARTFRLAP AOWFLREGLLFTAIoAASTFS 
LLFTAGEi?FA TMVRPVAESGA TKTS RVYGF I GLCWLLAALLGMLP 
LLGWNC LCAFDRCSSLLPLY SKRYILFCLVIFAGVLATIMGLYGA 
I FRIjV OASGOKAPRPAARRKARRLL KTVIMIIjIjAFIM 
LLADVF GSNLWAQEYLRG MDWIIjAIjAVIjNSAVNPI iy sf rsrevc 
RAVLSFLCCGCLRLGMRGPGDCLARAVEAHSGASTTDSSLRPRDS 
FRGSRSLSFRMREPLSSISSVRSI 

MNECHYDKHMDFFYNRSNTDTVDDWTGTKL VIVLCVGTFFCLFIF 
FSNSLVIAAV Ji^flKFH FPFYYLL^ 

GPVSKTLTW RWFLROGLLDSSLTASLTNLLVIAV g^HMSJMRAlR 
VHSNL TKK RVT L L I LL VWA I A I FMGAVP T LG WNC LCN I SACSSLA 
P I YS RSYLVFWTVSNLMAFLIK^nnre^ 

GSJg^RRTPMJCLM KTVMTVLGAFWCWTPGLWLLLD GLNCROCG 
VOH VKRWFLLLALLNSWNPI IY SY KDEDMYGTMKKMICCFSOEN 
PERRPSRIPS TVLSRSDTGSQ YIEDSISQGA VCNKS TS 

ME S GLLRPAP VS E V I VLH YNYTGKLRGARYQ PGAGLRADAVVCLA 
VCAFIVLENLAVLLVL Gi^HP^FHA PMFLLLGSLTLSDLLAGAAYA 
ANILL SGPLTLKLSPA LWFAREGGVFVALTASVLSLLAIAL FJ^SL 
TMAi?i?GPAPVS jgPGi ^TLAMAAAAWGVSLLLGLLPALGWNC LGRLD 
AC S TVL PLY AKAYVLFCVLAFVGI LAAI CAL YARI YCQV RANARR 
LPAR PGTA G TTS TRARRKPR SLALLR TLi S WLLAF VAC WG P L F L L 
LLLD VAC PARTCPVLL OADPFLGLAMANSLLNPI I YTL TNRDLRH 
ALLRLVCCGRHSCGRDPSGSQQSASAAEASGGLRRCLPPGLDGSF 
SGSERSSPQRDGLDTSGSTGSPGAPTAARTLVSEPAAD 

Examples of chimeric Edg receptors of the invention are presented in Table 3. 
The chimeric Edg receptors listed in Table 3 are described in detail in the working 
examples presented below. In Table 3, italicized sequences indicate native ICD strands 
{e.g. native strand 24, 26, 28 or 30 of the Edg receptor). Bold sequences in the chimeric 
Edg receptors of Table 3 indicate strands from a second GPCR that have replaced the 
native strand of the first receptor at that position in the polypeptide sequence. 
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Human Edg6 
(SEQ ID NO:34) 

Genbank 
Accession No. 
AJ000479 



Human Edg7 
(SEQ ID NO:35) 

Genbank 
Accession No. 
AF127138 



Human Edg 8 
(SEQ ID NO:36) 

Genbank 
Accession No. 
AF3 17676 



Table 3 

Amino Acid Sequences of Chimeric Edg Receptors 



Edgl/3(ct) 
(SEQ ID NO:3) 



Edgl/3(i3ct) 
(SEQ ID NO:4) 



Edgl/3(i2i3ct) 
(SEQK)NO:5) 



Edg 5/3(i3ct) 
(SEQ ID NO:37) 



MGPTSVPLVKAHRSSVSDYVNYDI ivrhynytgklni SADKENS I 
KLTSWF !DL I CC F 1 1 LEN I F VLLT I WKTKKFHRPMYY F I GNLAL S 
DLLAGVAYTANLLLSGATTYKLTPAQWFLREGSMFVALSASVFSL 
LiAlAIER YM^TMLKMKLHNGSNNFRLFIjIj I SACWVI SLILGGLPIM 
GWNCISALSSCSTVLPLYHKHYILFCTTVFTLLLLSIVILYCRIY 
SIjVRTRSRRJJ^FRKNISKASRSSEKSLALLKTVTIVIjSVFIACVIA 
PLFILLLLDVGCKVKTCDILFRAEYFLVLxAVLNSGTNPIIYTLTS 
KEMRRAFFRLVTCNCLVRGRGARASPIQPALDPSRSKSSSSNNSSH 
SPKVKEDLPHTDpSSCIMDKNAALQNGIFCN 

MGPTSVPLVKAHI^SSVSDYVNYDI IVRHYNYTGKLNI SADKENS I 
KLTSWF I L I C C F 1 1 LEN I F VLLT I WKTKKFHRPMYYF I GNLAL S 
DLLAGVAYTANLLDSGATTYKLTPAQWFLREGSMFVALSASVFSL 
LAIA IER YITMLKMICLHNGSNNFRL>FIjIjI SACWVI SLILGGLPIM 
GWNCISALSSCSTVDPLYHKHYILFCTTVFTLLLLSIVILYCRIY 
SLVRSSSRKVANHNNSERSMALLRTVI IVLSVFIACWAPLFILLL 
LDVGCKVKTCDILFRP^YFLVLAVLNSGTNPI IYTLTSKEMRRAF 
FRLVCNCLVRGRGARAS P IQPALDPSRSKSS S SNNS SHS PKVKED 
L PHTD P S S C I MDKNAALDNG I FCN 

MGPTSVPLVKAHRSSVSDYVNYDI IVRHYNYTGKLNI SADKENS I 
KLT S WF I L I CC F 1 1 LEN I F VLLT I WKTKKFHRPM Y YF I GNLAL S 
DLLAGVAYTANLLLSGATWKLTPAQWFLREGSMFVALSASVFSL 
LAIAIERHLTMIKMRPYDANKRHRLFLLI SACWVI SLILGGLPIM 
GWNCISALSSCSTVLPLYHKtEYILFCTTVFTLLLLSIVILYCRIY 
SLVRSSSRKVANHNNSERSMMjLRTVI IVLSVFIACWAPLFILLL 

ldvgckvktcdi lfrae yflvlavlnsgtnp i i ytltskemrraf 
frlvcnclvrgrgaras p i qp aldp s rs ks s s snns shs pkvked 
lphtdpsscimdknaalqngifc 

mgslyseylnpnkvqehynytke'sletqettsrqvasafivilcc 
a i wenll vl i avarnskfhsamyl f lgnlaas d llag vaf vant 
llsgsvtlrltpvqwfaregsasitlsasvfsllaiaisi^hvata 
kvklygsdksci^mllligaswlisl^lgglpilgwnclghleacs 
t vl pl yakh yvlc wt ifsiillai val yvr i ycwks s s rkvan 
hnns ersmallrt vt i vlgvf i vc wl paf s i llldyac p vhs c p i 
lykahyffavstlnsllnpvi ytwaskemrraffrlvcnclvrgr 
garaspiqpaldpsrskssssnnsshsAjcvkedlphtdpsscimd 
knaalqngifcn 
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\ Table 3 

Amino Acid Sequences of Chimeric Edg Receptors 



Edg 8/4(ct) MESGLLRPAPVTBEVIVLHYNYTGKLRGARYQPGAGLRADAVVCIiA 
VCAFIVLENLAVLLVLGi?HPi?FJiAPMFLLLGSLTLSDLLAGAAYA 

(SEQ ID NO:38) ANILLSGPLTLK3^SPALWFAREGGVFVALTASVLSLLAIALEi?SL 
Ti^i?J?GPAPl^SSi^i?TLAMAAAAWGVSLLLGLLPALGWNCLGRLD 
ACSTVLPL YAKAYVtFCVLAFVGI LAAI CAL YARIYCQVRANARR 
LPAJ?PGTAGTTSTieA^iCPi?SLALLRTLSWLLAFVACWGPLFLL 
LLLDVACPARTCPVLLQADPFLGLAMANSLLNPIIYTLRDAEMRR 
TFRRLLCCACLRQSTRESVHYTSSAQGGASTRIMLPENGHPLMTP 
PFSYLELQRYAASNKST^PDDLWVTjLAQPNQQD 

5.6 Nucleic Acids and Cells for Expressing Chimeric 
GPCRs 

In another aspect, the present invention provides nucleic acids that can be used for 
the expression of the chimeric GPCRs of the invention. In particular, the present 
invention provides nucleic acids that are capable of expressing any of the chimeric 
GPCRs discussed above. For example, one nucleic acid of the present invention is 
capable of expressing the chimeric GPCR Edg l/3(i3ct), and another is capable of 
expressing the chimeric GPCR Edgl/3(i2i3ct) (SEQ ID NO:5). Further nucleic acids of 
the invention are capable of expressing chimeric GPCR Edgl/3(ct) (SEQ ID NO:3), 
chimeric GPCR Edg 5/3(i3ct) (SEQ ID NO:37) or Edg 8/4(ct) (SEQ ID NO:38). 

The nucleic acid can be an RNA or a DNA and may be double stranded or single 
stranded. Typically, the nucleic acids of the present invention comprise a double stranded 
DNA or a single stranded RNA sequence that encodes a chimeric GPCR operably linked 
to a regulatory sequence that is capable of directing or effecting the expression of the 
chimeric GPCR. 

The regulatory sequence of the nucleic acid should be selected based upon the 
expression system. For instance, a particularly useful nucleic acid is a DNA expression 
vector that is capable of encoding a chimeric GPCR. As used herein, the term "vector" 
refers to a nucleic acid molecule capable of transporting another nucleic acid to which it 
has been linked. One type of vector is a "plasmid", which refers to a circular double 
stranded DNA loop into which additional DNA segments can be ligated. Another type of 
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vector is a viral vector, wherein additional DNA segments can be ligated into the viral 
genome. Certain vectors are capable of autonomous replication in a host cell into which 
they are introduced (e.g., bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) are 
integrated into the genome of a host cell upon introduction into the host cell, and thereby 
are replicated along with the host genome. Moreover, certain vectors, expression vectors, 
are capable of directing the expression of genes to which they are operably linked. In 
general, expression vectors of utility in recombinant DNA techniques are often in the 
form of plasmids (vectors). However, the invention is intended to include such other 
forms of expression vectors, such as viral vectors (e.g., replication defective retroviruses, 
adenoviruses and adeno-associated viruses), which serve equivalent functions. A 
particularly convenient vector is a cassette vector which comprises expression cassettes, 
as previously described. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell. This 
means that the recombinant expression vectors include one or more regulatory sequences, 
selected on the basis of the host cells to be used for expression, which is operably linked 
to the nucleic acid sequence to be expressed. Within a recombinant expression vector, 
"operably linked" is intended to mean that the nucleotide sequence of interest is linked to 
the regulatory sequence(s) in a manner which allows for expression of the nucleotide 
sequence (e.g., in an in vitro transcription/translation system or in a host cell when the 
vector is introduced into the host cell). The term "regulatory sequence" is intended to 
include promoters, enhancers and other expression control elements (e.g., polyadenylation 
signals). Such regulatory sequences are described, for example, in Goeddel, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, CA 
(1990). Regulatory sequences include those which direct constitutive expression of a 
nucleotide sequence in many types of host cell and those which direct expression of the 
nucleotide sequence only in certain host cells (e.g., tissue-specific regulatory sequences). 
It will be appreciated by those skilled in the art that the design of the expression vector 
can depend on such factors as the choice of the host cell to be transformed, the level of 
expression of protein desired, etc. The expression vectors of the invention can be 
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introduced into host cells to thereby produce proteins or peptides encoded by nucleic 
acids as described herein. 

The recombinant expression vectors of the invention can be designed for 
expression of a chimeric GPCR of the invention in prokaryotic (e.g., E. coli) or eukaryotic 
cells (e.g., insect cells (using baculovirus expression vectors), yeast cells or mammalian 
cells). Suitable host cells are discussed further in Goeddel, supra. Alternatively, the 
recombinant expression vector can be transcribed and translated in vitro, for example 
using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of 
chimeric GPCR. A chimeric GPCR can be expressed with a fusion vector or a non-fusion 
vector. Fusion vectors add a number of amino acids to a protein encoded therein, usually 
to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: 1) to increase expression of recombinant protein; 2) to aid in the 
purification of the recombinant protein by acting as a ligand in affinity purification; and 
3) to direct the cellular location of the recombinant protein (e.g. with signal peptides for 
secretion). Often, in fusion expression vectors, a proteolytic cleavage site is introduced at 
the junction of the fusion moiety and the recombinant protein to enable separation of the 
recombinant protein from the fusion moiety subsequent to purification of the fusion 
protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, 
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia 
Biotech Inc; Smith and Johnson, 1988, Gene 67:31-40), pMAL (New England Biolabs, 
Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione 
S-transferase (GST), maltose E binding protein, or protein A, respectively, to the target 
recombinant protein. 

Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
(Amann et al., 1988, Gene 69:301-315) and pET lid (Studier et al., Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, San Diego, California (1990) 
60-89). Target gene expression from the pTrc vector relies on host RNA polymerase 
transcription from a hybrid trp-lac fusion promoter. Target gene expression from the pET 
lid vector relies on transcription from a T7 gnlO-lac fusion promoter mediated by a 
coexpressed viral RNA polymerase (T7 gnl). This viral polymerase is supplied by host 
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strains BL21(DE3) or HMS174(DE3) from a resident X prophage harboring a T7 gnl 
gene under the transcriptional control of the lacUV 5 promoter. 

One strategy to maximize recombinant protein expression in E. coli is to express 
the protein in a host bacteria with an impaired capacity to proteolytically cleave the 
recombinant protein (Gottesman, Gene Expression Technology: Methods in Enzymology 
1 85, Academic Press, San Diego, California (1990) 1 19-128). Another strategy is to alter 
the nucleic acid sequence of the nucleic acid to be inserted into an expression vector so 
that the individual codons for each amino acid are those preferentially utilized in E. coli 
(Wada et al., 1992, Nucleic Acids Res. 20:21 11-2118). Such alteration of nucleic acid 
sequences of the invention can be carried out by standard DNA synthesis techniques. 

hi another embodiment, the expression vector is a eukaryotic expression vector. 
Examples of eukaryotic expression vectors include fusion vectors similar to the 
prokaryotic fusion vectors discussed above, such as vectors that include a signal peptide 
fusion to direct secretion of the recombinant protein. 

For instance, the expression vector is a yeast expression vector. Examples of 
vectors for expression in yeast S. cerivisae include pYepSecl (Baldari et al., 1987, 
EMBOJ. 6:229-234), pMFa (Kurjan and Herskowitz, 1982, Cell 30:933-943), pJRY88 
(Schultz et al., 1987, Gene 54:113-123), pYES2 (Invitrogen Corporation, San Diego, 
CA), and pPicZ (Invitrogen Corp, San Diego, CA). 

Alternatively, the expression vector is a baculovirus expression vector. 
Baculo virus vectors available for expression of proteins in cultured insect cells {e.g., Sf 9 
cells) include the pAc series (Smith et al., 1983, Mol. Cell Biol. 3:2156-2165) and the 
pVL series (Lucklow and Summers, 1989, Virology 170:31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, 1987, Nature 329:840) and pMT2PC 
(Kaufinan et al., 1987, EMBOJ. 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. For 
example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40 (SV40). For other suitable expression systems for 
both prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook et al., supra. 
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In another embodiment, the recombinant mammalian expression vector is capable 
of directing expression of the nucleic acid preferentially in a particular cell type (e.g., 
tissue-specific regulatory elements are used to express the nucleic acid). Tissue-specific 
regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver- specific; Pinkert et al., 
1987, Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton, 1988, 
Adv. Immunol. 43:235-275), in particular promoters of T cell receptors (Winoto and 
Baltimore, 1989, EMBOJ. 8:729-733) and immunoglobulins (Banerji et al., 1983), Cell 
33:729-740; Queen and Baltimore, 1983), Cell 33:741-748), neuron-specific promoters 
{e.g., the neurofilament promoter; Byrne and Ruddle, 1989, Proc. Natl. Acad. Sci. USA 
86:5473-5477), pancreas-specific promoters (Edlund et al., 1985, Science 230:912-916), 
and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 
4,873,316 and European Application Publication No. 264,166). 

Developmentally-regulated promoters are also encompassed, for example the mouse hox 
promoters (Kessel and Gruss, 1990, Science 249:374-379) and the beta- fetoprotein 
promoter (Campes and Tilghman, 1989, Genes Dev. 3:537-546). 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such terms 
refer not only to the particular subject cell but to the progeny or potential progeny of such 
a cell. Because certain modifications may occur in succeeding generations due to either 
mutation or environmental influences, such progeny may not, in fact, be identical to the 
parent cell, but are still included within the scope of the term as used herein. 

A host cell can be any prokaryotic (e.g., E. coli) or eukaryotic cell (e.g., insect 
cells, yeast or mammalian cells). Host cells intended to be part of the invention include 
ones that comprise a nucleic acid molecule of the invention that has been engineered to be 
present within the host cell (e.g., as part of a vector), and ones that comprise nucleic acid 
regulatory sequences that have been engineered to be present in the host cell such that a 
nucleic acid molecule of the invention is expressed within the host cell. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 
conventional transformation or transfection techniques. The prokaryotic or eukaryotic 
cells can be transformed or transfected either stably or transiently. As used herein, the 
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terms "transformation" and "transfection" are intended to refer to a variety of 
art-recognized techniques for introducing foreign nucleic acid into a host cell, including 
calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, electroporation, viral infection or microinjection. Suitable 
methods for transforming or transfecting host cells can be found in Sambrook, et al. 
(supra), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., for resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Cells stably transfected with the introduced nucleic acid 
can be identified by drug selection (e.g., cells that have incorporated the selectable marker 
gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
culture, can be used to produce a polypeptide of the invention. Accordingly, the invention 
further provides methods for producing a chimeric GPCR of the invention using the host 
cells of the invention. In one embodiment, the method comprises culturing the host cell 
of invention (into which a recombinant expression vector encoding a polypeptide of the 
invention has been introduced) in a suitable medium such that the polypeptide is 
produced. In another embodiment, the method further comprises isolating the 
polypeptide from the medium or the host cell. 

Particularly useful cell types for expressing and assaying the chimeras include, but 
are not limited to, HTC4 (rat hepatoma cells), RH7777 (rat hepatoma cells), HepG2 
(human hepatoma cells), CHO (Chinese hamster ovary cells), HEK-293 (human 
embryonic kidney cells). Particularly useful vectors for expressing chimeric GPCRs 
include, but are not limited to pLXSN and pCMV. 

DNA encoding a chimeric GPCR can be transfected into human or mammalian 
cells according to methods known to those of skill in the art. For example, DNA 
encoding a chimeric GPCR can be co-transfected with a standard packaging vector which 
provides an ecotropic envelope for viral replication, into a packaging cell line such as 
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GP-293 (Clontech Labs., Palo Alto, CA). Cell line GP-293 has integrated in its genome 
gag and pol, genes necessary for viral packaging from vesicular stomatitis virus. 
Alternatively, DNA encoding a chimeric GPCR can be transfected into the EcoPack-293 
cell line which has, in addition to gag and pol, the env gene to produce an ecotropic 
envelope. Both methods {i.e. co-transfection with a packaging vector or use of 
EcoPack-293) enable the production of an ecotropic envelope for viral packaging, and can 
thus advantageously be used to transfect rat and mouse cells. For use in human and other 
mammalian cells, AmphoPack-293 cell line (Clontech, Palo Alto, CA) can be used. 

5.7 Methods of Producing Chimeric GPCRs 

The chimeric GPCRs of the present invention can be produced by a variety of 
means. For example, chimeric GPCRs of the invention that are entirely of gene-encoded 
amino acids may be produced recombinantly using any of the nucleic acids and 
expression vectors described above. Alternatively, all of the chimeric GPCRs of the 
invention may be produced by synthetic or semi-synthetic means. Chimeric GPCRs 
comprising non-encoded amino acids, for example, can be produced by synthetic or semi- 
synthetic means. 

For example, the polypeptide portions of a chimeric GPCR can be produced by 
recombinant techniques or by standard chemical synthesis techniques such as those 
described by Merrifield, 1997, Meth. Enzymol. 289:3-13 {see also Williams et al, 1997, 
Chemical Approaches to the Synthesis of Peptides and Proteins, CRC Press, Boca Raton; 
Atherton & Sheppard, 1989, Solid Phase Peptide Synthesis, Oxford University Press, 
New York). The polypeptide portions of the chimeric GPCR can then be linked together 
by standard synthetic techniques. For instance, peptide or polypeptide portions of the 
chimeric GPCR can be linked together by standard techniques for forming amide 
linkages. Other portions of the chimeric GPCR, such as non-peptide and non-polypeptide 
linking molecules, can be linked to the appropriate portions of the chimeric GPCR also by 
standard synthetic techniques. The appropriate techniques will depend on the reactive 
groups of the portions of the chimeric GPCR to be linked together, and will be readily 
apparent to those of skill in the art. 
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5.8 Uses 

The chimeric GPCRs polypeptides of the invention can be used in virtually any 
assay or method in which the GPCRs from which they were designed are useful and in 
other methods. Such methods include calcium mobilization assays, binding assays, 
detection of cAMP formation, reporter gene techniques and other methods known to those 
of skill in the art. Owing to their altered downstream signaling functions, they find 
particular use, for example, in convenient high throughput assays. 

The chimeric GPCRs of the invention can be used to identify a compound that 
selectively binds to and/or modulates the activity of the first GPCR, or domain thereof, 
from which the chimeric GPCR of the invention was designed. Compounds identified in 
this manner can be tested for an ability to modulate biological processes and/or disorders 
associated with the first GPCR. In general, such methods comprise contacting a test 
compound with a chimeric GPCR and assaying for the presence of the bound test 
compound or assaying for modulation of the activity of the chimeric GPCR. The 
chimeric GPCR can be, for example, expressed on the surface of a cell. 

As used herein the term " selectively binds" refers to a compound (e.g. , an 
antibody, a peptide, a lipid or a small organic molecule) that binds to a native polypeptide 
or to a chimeric polypeptide preferentially relative to other unrelated polypeptides. A 
compound selectively binds to the native polypeptide or a chimeric polypeptide of the 
invention if it has at least a 10%, preferably at least a 25%, at least a 50%, at least a 75%, 
at least a 90%, at least a 95%, or at least a 100% higher affinity and/or avidity for the 
native polypeptide or chimeric polypeptide than an unrelated polypeptide. 

The assay for the presence of the bound test compound can be any assay known to 
those of skill in the art to be useful for assaying binding to the first GPCR or to the 
chimeric GPCR and/or any assay known to those of skill in the art to be useful for 
assaying activation of the first GPCR or of the chimeric GPCR. In particularly 
convenient embodiments of the invention, the presence of the test compound can be 
assayed by detecting the activity of a downstream effector of the chimeric GPCR such as 
phospho lipase C (PLC) activity and/or mobilization of intracellular calcium. A 
compound that binds the chimeric GPCR can then be tested against the native first GPCR 
according to standard techniques. 
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The assay for the modulation of the activity of the chimeric GPCR can be any 
assay known to those of skill in the art to be useful for assaying the activity of the 
chimeric GPCR. Such an assay can be used to screen for agonists or antagonists of the 
first GPCR and/or agonists or antagonists of the chimeric GPCR. In particularly 
convenient embodiments of the invention, a chimeric GPCR is contacted with a test 
compound. Optionally, the chimeric GPCR can also be contacted with a ligand of the 
first GPCR and/or a ligand of the chimeric GPCR, for example, in assays for antagonists 
of the first GPCR and/or the chimeric GPCR. The ability of the test compound to 
modulate the activity of the chimeric GPCR can be assayed by detecting a change in the 
activity of a downstream effector of the chimeric GPCR such as phospholipase C (PLC) 
activity and/or mobilization of intracellular calcium. A compound that modulates the 
activity of the chimeric GPCR can then be tested against the native first GPCR according 
to standard techniques. 

Specific assays for GPCR or chimeric GPCR activity are known to those of skill 
in the art. For example, cells expressing a GPCR or a chimeric GPCR can be contacted 
with a membrane-permeant calcium sensitive dye such as Fluo-4 AM or a proprietary 
calcium dye loading kit {e.g. , FLIPR Calcium Assay kit, Molecular Devices, Sunnyvale, 
CA). Intracellular calcium is capable of binding to the dye and emitting fluorescent 
radiation when illuminated at the appropriate wavelength. The cells can thus be 
illuminated an appropriate wavelength for the dye and any emitting light can be captured 
by a cooled CCD camera. Changes in fluorescence indicate changes in intracellular 
calcium resulting from the activation of a Gaq - coupled GPCR. Such changes can be 
measured advantageously in whole cells in "real-time" (Berridge et al., Nature Reviews 
2000 1:11-21). 

Other methods of measuring intracellular calcium are known to those of skill in 
the art. For instance, a commonly used technique is the expression of receptors of interest 
in Xenopus laevis oocytes followed by measurement of calcium activated chloride 
currents (see Weber, 1999, Biochim Biophys Acta 1421:213-233). In addition, several 
calcium sensitive dyes are available for the measurement of intracellular calcium. Such 
dyes can be membrane permeant or not membrane permeant. Examples of useful 
membrane permeant dyes include acetoxymethyl ester forms of dyes that can be cleaved 
by intracellular esterases to form a free acid, which is no longer membrane permeant and 
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remains trapped inside a cell. Dyes that are not membrane permeant can be introduced 
into the cell by microinjection, chemical permeabilization, scrape loading and similar 
techniques (Haughland, 1993, in "Fluorescent and Luminescent Probes for Biological 
Activity" ed. Mason, W.T. pp 34-43; Academic Press, London; Haughland, 1996, in 
"Handbook of Fluorescent Probes and Research Chemicals", sixth edition, Molecular 
Probes, Eugene, OR). 

Furthermore, other assays can be used to detect receptor-mediated G-protein 
activation {see, e.g., "Regulation of G Protein-Coupled Receptor Function and 
Expression" ed. Benovic, J.L. pp 1 19-132., 2000, Wiley-Liss, New York). Such assays 
include receptor-stimulated GTP Binding to Got subunits. Since activation of GPCR 
results in GDP-GTP exchange in the Ga subunit, this exchange can be quantified and 
used as a direct measurement of receptor-G protein interaction. This typically involves 
the use of radiolabeled guanine nucleotide ( 35 S-GTPyS or a 32 P-GTP) incubated with the 
receptor (either in cell free membrane preparations or aritifical lipid membranes). The 
amount of 35 S-GTPyS incorporated can be used as a measure of the extent of G protein 
activation. 

Other useful assays include changes in intrinsic tryptophan fluorescence of Ga 
subunits. The intrinsic fluorescence of tryptophan residues undergoes an enhancement 
during GDP-GTP exchange. Virtually all the Ga subunits have a conserved Trp residue 
in a domain that undergoes significant conformational change during activation of the Ga 
subunit. 

Another assay for receptor mediated G-protein activation is measurement of the 
hydrolysis of GTP by Ga. The final outcome of Ga activation is hydrolysis of bound 
GTP to GDP by intrinsic GTPase activity. Using y 32 P-GTP, the release of 32 P S upon 
GTP-GDP exchange can be used as an indication of G-protein activation. 

Those of skill in the art will recognize appropriate control experiments for the 
assays for binding to a chimeric GPCR or modulation of the activity of a chimeric GPCR. 
For instance, the test compound can be assayed against a second, native or chimeric 
GPCR with different ligand binding properties under similar conditions. 



The invention having been described, the following examples are intended to 
illustrate, and not limit, this invention. 
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6. EXAMPLES 

6.1 Preparation of Vector for Expression of Chimeric 

GPCREdg l/3fct) 

This example demonstrates the construction of a vector for the expression of 
a chimeric Edg receptor, Edg l/3(ct), which is designed from Edg 1 and includes the 
carboxy terminal ("ct") strand from Edg 3. 

cDNA encoding the wild type Edg 1 receptor and wild-type Edg 3 receptor were 
obtained from Dr. Edward Goetzl (UCSF) and subcloned into the pLXSN vector 
(Clontech Labs, Palo Alto, CA). 

A vector for expressing Edg l/3(ct) was produced by PCR-based, splice-overlap 
mutagenesis in which the carboxy terminal strand of Edg 1 was replaced with the carboxy 
terminal stand of Edg3. 

In particular, a first DNA encoding all of Edg 1 except the carboxy terminal strand 
(amino acid residues 1- 314 of Edg 1) was produced by PCR with primers SEQ LD NO:6 
and SEQ ID NO:9 using the Edg 1 cDNA as a template. Primer sequences used to 
construct chimeric Edg 1 polypeptides are listed in Table 4, below. A second DNA 
encoding the carboxy terminal strand of Edg 3 (Edg 3 amino acid residues 302-378) was 
produced by PCR with primers SEQ ED NO:7 and SEQ ID NO:8 using the Edg 3 cDNA 
as a template. PCR reactions comprised 1 ng/|xL template, 40 ng/jiL each primer, 0.2 
mM dNTPs, 0.02 U/^iL VENT™ polymerase in IX Thermopol™ buffer (Mullis, K. et al. 
1996, Cold Spring Harbor Symposia on Quantitative Biology 5 1 :263). The PCR 
reactions comprised 35 cycles at an annealing temperature of 55°C for 45 seconds. 

DNA encoding the full length Edg 1/3 (ct) chimera was produced in a secondary 
PCR reaction with primers SEQ ID NO:6 and SEQ ID NO: 7 and using I0\xl each of the 
first and second DNA generated from the primary 50jil PCR reaction as the template. 
The first and second DNA had overlapping complementary ends. PCR reactions 
comprised 40 ng/|il of each primer, 0.2mM dNTPs, 0.02 U/jal VENT™ polymerase in IX 
Thermopol™ buffer (Carruthers et al. 1994 JBC 269:29321; adapted from Short 
Protocols in Molecular Biology. 3 rd edition 1995 John Wiley and Sons, Inc. New York, 
NY). The PCR reactions comprised 35 cycles at an annealing temperature of 55°C for 45 
seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 
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6.2 Preparation of Vector for Expression of Chimeric 

GPCREdg l/3(i3ct) 

This example demonstrates the construction of a vector for the expression of 

5 a chimeric Edg receptor, Edg l/3(i3ct) 5 which is designed from Edg 1 and includes two 

intracellular strands (the third intracellular loop ("i3") and the carboxy terminal strand) 

from Edg 3. 

A vector for expressing Edg l/3(i3ct) was produced by PCR-based, splice-overlap 
mutagenesis in which the third intracellular strand of Edg l/3(ct) was replaced with the 
10 third intracellular strand of Edg3. DNA encoding the chimeric Edg 1/3 (ct) receptor was 

j prepared as described in Example 6.1, above, and DNA encoding Edg 3 was obtained as 

pj described in Example 6. 1 . 

J?J! A first DNA encoding the portion of Edg 1 from the amino terminus through 

amino acid 229 was produced by PCR with primers SEQ ID NO:6 and SEQ ID NO: 1 5 
C5 using the Edg l/3(ct) DNA as a template. A second DNA encoding the third intracellular 

Jf J loop of Edg 3 (Edg 3 residues 224-243) was produced by PCR with primers SEQ ID 

l! NO: 14 and SEQ ID NO: 1 7 using the Edg 3 cDNA as a template. A third DNA encoding 

S! the portion of Edg l/3(ct) from amino acid 257 through the carboxy terminus was 

H produced by PCR with primers SEQ ID NO: 1 6 and SEQ ID NO:7 using the Edg l/3(ct) 

HO DNA as a template. The first and second DNA had overlapping complementary ends, and 

the second and third DNA had overlapping complementary ends. PCR reactions 
i comprised about 1 ng/|iL template, 40 ng/^L each primer, 0.2 mM dNTPs, 0.02 U/(iL 

i VENT™ polymerase in IX Thermopol™ buffer (Mullis, K. et al. 1996. Cold Spring 

Harbor Symposia on Quantitative Biology 51:263). The PCR reactions comprised 35 
25 cycles at an annealing temperature of 55°C for 45 seconds. 

A fourth DNA encoding a portion of the Edg l/3(i3ct) chimera was produced in a 
secondary PCR reaction with primers SEQ ID NO: 6 and SEQ ID NO: 17 and using lOfxl 
each of the first and second DNA generated from the primary 50jil PCR reaction as the 
template. DNA encoding the full length Edg l/3(i3ct) chimera was then produced in a 
30 tertiary PCR reaction with primers SEQ ID NO: 6 and SEQ ID NO: 7 and using lOjal each 

of the third and fourth DNA generated from the primary 50jj.1 PCR reaction as the 
template. The first and second DNA, and the third and fourth DNA had overlapping 
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complementary ends. PCR reactions comprised 40 ng/^il of each primer, 0.2mM dNTPs, 
0.02 U/nl VENT™ polymerase in IX Thermopol™ buffer buffer (Carruthers et al. 1994 
JBC 269:29321; adapted from Short Protocols in Molecular Biology. 3 rd edition 1995 
John Wiley and Sons, Inc. New York, NY). The PCR reactions comprised 35 cycles at an 
annealing temperature of 55°C for 45 seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 

6.3 Preparation of Vector for Expression of Chimeric 

GPCREdg !/3(i2i3ct) 

This example demonstrates the construction of a vector for the expression of 
a chimeric Edg receptor, Edg l/3(i2i3ct), which is designed from Edg 1 and includes three 
ICD strands (the second intracellular loop ("i2"), the third intracellular loop and the 
carboxy terminal strand) from Edg 3. 

A vector for expressing Edg l/3(i2i3ct) was produced by PCR-based, splice- 
overlap mutagenesis in which the second intracellular strand of Edg l/3(i3ct) was 
replaced with the second intracellular strand of Edg3. DNA encoding the chimeric Edg 
l/3(i3ct) receptor was prepared as described in Example 6.2, above, and DNA encoding 
Edg 3 was obtained as described in Example 6.1, above. 

A first DNA encoding the portion of Edg 1 from the amino terminus through 
amino acid 140 was produced by PCR with primers SEQ ID NO:6 and SEQ ID NO:l 1 
using the Edg l/3(i3ct) DNA as a template. A second DNA encoding the second 
intracellular loop of Edg 3 (Edg 3 residues 135-153) was produced by PCR with primers 
SEQ ID NO: 10 and SEQ ID NO: 13 using the Edg 3 cDNA as a template. A third DNA 
encoding the portion of Edg l/3(i3ct) from amino acid 160 through the carboxy terminus 
was produced by PCR with primers SEQ ID NO: 12 and SEQ ID NO:7 using the Edg 
l/3(i3ct) DNA as a template. PCR reactions comprised about 1 ng/(iL template, 40 ng/jiL 
each primer, 0.2 mM dNTPs, 0.02 U/^iL VENT™ polymerase in IX Thermopol™ buffer 
(Mullis, K. et al. 1996. Cold Spring Harbor Symposia on Quantitative Biology 5 1 :263). 
The PCR reactions typically comprised 35 cycles at an annealing temperature of 55°C for 
45 seconds. 

A fourth DNA encoding a portion of the Edg l/3(i3ct) chimera was produced in a 
secondary PCR reaction with primers SEQ ID NO: 6 and SEQ ID NO: 13 and using lOjil 
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10 

j 



each of the first and second DNA generated from the primary 50(il PCR reaction as the 
template. DNA encoding the full length Edg l/3(i2i3ct) chimera was then produced in a 
tertiary PCR reaction with primers SEQ ID NO: 6 and SEQ ID NO: 7 and using lOjal each 
of the third and fourth DNA generated from the primary 50|ul PCR reaction as the 
template. The first and second DNA, and the third and fourth DNA had overlapping 
complementary ends. PCR reactions comprised 40 ng/|il of each primer, 0.2mM dNTPs, 
0.02 U/^il VENT™ polymerase in IX Thermopol™ buffer buffer (Carruthers et al. 1994 
JBC 269:29321 ; adapted from Short Protocols in Molecular Biology. 3 rd edition 1995 
John Wiley and Sons, Inc. New York, NY). The PCR reactions comprised 35 cycles at an 
annealing temperature of 55°C for 45 seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 



c5 
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Table 4 

PCR Primers for Generating Chimeric Edg 1 Receptors 



Sequence 5'-3' 

CCC/GCG/GTT/AAC/ATG/GGG/CCC/ACC/AGC/GTC 
SpGC/GGA/TCCA-CA/GTT/GCA/GAA/GAT/CCC 

ftT/TTA/CAC/TCT/GAC/CAG/CAA/GGA/GAT/GCG/GCG/G 
CCG/CAT/CTC/CTT/ GCT/GGT/ CAG/AGT/GTA/AAT/GAT/ G 
GTQTCCyTCG/CCA/TCG/CCA/TCG/AGC/GGC/ACT/TGA/C 
GTC/AAG/TGC/CGC/TCG/ATG/GCG/ATG/GCG/AGG/AGA 
CGC/C^CAA/GAG/GCA/CCG/CCT/CTT/CCT/GCr/AAT/C 
GAT/TA(^CAG/GAA/GAG/GCG/GTG/CCT/CTT/GTT/GGC/G 
CTA/CTC/CTT/GGT/CAG/GTC/CAG/CAG/CCG/TAA/GGT/G 
CAC/Crr/AC^GCT/GCT/GGA/CCT/GAC/CAA/GGA/GTA/G 
CAC/TGC/TGQGGA/CCG/TGA/TTA/TCG/TCC/TGA/GCG/TC 
GAC/GCT/CAG/^AC/GAT/AAT/CAC/GGY/CCG/CAG/CAG/TG 





Primer 


Direction 


Positiof 


a \ 


Edg-1 (SEQ ID N0:6) 




1 




Edg-3 (SEQ ID N0:7) 


rev 


1137 


S b 


El/3 CTD (SEQ ID NO:8) 




942 


E1/3CTD (SEQIDNO:9) 


rev 


942 




El/3 \2 (SEQ ID NO:10) 




402 




El/3 i2 (SEQ ID N0:11) 


rev 


402 




El/3i2 (SEQ ID NO: 12) 




441 




El/3 i2 (SEQ ID NO: 13) 


rev 


441 


Ms 


El/3 i3 (SEQ ID NO: 14) 




684 


i 


El/3 i3 (SEQ ID NO: 15) 


rev 


684 




El/3 (3 (SEQ ID NO: 16) 




723 




El/3 i3 (SEQ ID NO: 17) 


rev 


723 



30 6.4 Preparation of Vector for Expression of Chimeric 

GPCREdg 5/3(ct) 

This example demonstrates the construction of a vector for the expression of 
a chimeric Edg receptor, Edg 5/3(ct), which is designed from Edg 5 and includes the 
35 carboxy terminal strand from Edg 3. 

cDNA encoding the wild type Edg 5 receptor and wild-type Edg 3 receptor were 
obtained from Dr. Edward Goetzl (UCSF) and subcloned into the pLXSN vector 
(Clontech Labs, Palo Alto, CA). 

A vector for expressing Edg 5/3 (ct) was produced by PCR-based, splice-overlap 
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mutagenesis in which the carboxy terminal strand of Edg 5 was replaced with the carboxy 
terminal domain of Edg3. 

In particular, a first DNA encoding all of Edg 5 except the carboxy terminal strand 
(Edg 5 residues 1-290) was produced by PCR with primers SEQ ID NO: 18 and SEQ ID 
NO:21 using the Edg 5 cDNA as a template. Primer sequences used in construction of 
chimeric Edg 5 receptor are listed in Table 5, below. A second DNA encoding the 
carboxy terminal strand of Edg 3 (Edg 3 residue 301-378 ) was produced by PCR with 
primers SEQ ID NO:20 and SEQ ID NO: 19 using the Edg 3 cDNA as a template. PCR 
reactions comprised about 1 ng/|uL template, 40 ng/jaL each primer, 0.2 raM dNTPs, 0.02 
U/^L VENT™ polymerase in IX Thermopol™ buffer (Mullis, K. et al. 1996. Cold 
Spring Harbor Symposia on Quantitative Biology 5 1 :263). The PCR reactions comprised 
35 cycles at an annealing temperature of 55°C for 45 seconds. 

DNA encoding the full length Edg 5/3 (ct) chimera was produced in a secondary 
PCR reaction with primers SEQ ID NO: 18 and SEQ ID NO: 19 and using 10^1 each of the 
first and second DNA generated from the primary 50^1 PCR reaction as the template. 
The first and second DNA had overlapping complementary ends. PCR reactions 
comprised 40 ng/\i\ of each primer, 0.2mM dNTPs, 0.02 U/jal VENT™ polymerase in IX 
Thermopol™ buffer (Carruthers et al. 1994 JBC 269:29321; adapted from Short 
Protocols in Molecular Biology. 3 rd edition 1995 John Wiley and Sons, Inc. New York, 
NY). The PCR reactions comprised 35 cycles at an annealing temperature of 55°C for 45 
seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 

6.5 Preparation of Vector for Expression of Chimeric 
GPCREdg 5/3(i3cf> 

This example demonstrates the construction of a vector for the expression of 
the chimeric Edg receptor Edg 5/3(i3ct) which is designed from Edg 5 and includes two 
ICD strands (the third intracellular loop and the carboxy terminal strand) from Edg 3. 

A vector for expressing Edg 5/3(i3ct) was produced by PCR-based, splice-overlap 
mutagenesis in which the third intracellular strand of Edg 5/3 (ct) was replaced with the 
third intracellular strand of Edg3. DNA encoding the chimeric Edg 5/3 (ct) receptor was 
prepared as described in Example 6.4, above, and DNA encoding Edg 3 was obtained as 
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described in Example 6.1. 

A first DNA encoding the portion of Edg 5 from the amino terminus through 
amino acid 216 was produced by PCR with primers SEQ ID NO: 18 and SEQ ID NO:23 
using the Edg 5/3(ct) DNA as a template. A second DNA encoding the third intracellular 
loop of Edg 3 (Edg 3 residues 223-243) was produced by PCR with primers SEQ ID 
NO:22 and SEQ ID NO:25 using the Edg 3 cDNA as a template. A third DNA encoding 
the portion of Edg 5/3(ct) from amino acid 234 through the carboxy terminus was 
produced by PCR with primers SEQ ID NO:24 and SEQ ID NO: 1 9 using the Edg 5/3(ct) 
DNA as a template. The first and second DNA had overlapping complementary ends, and 
the second and third DNA had overlapping complementary ends. PCR reactions 
comprised about 1 ng/^iL template, 40 ng/|iL each primer, 0.2 mM dNTPs, 0.02 U/|iL 
VENT™ polymerase in IX Thermopol™ buffer (Mullis, K. et al. 1996. Cold Spring 
Harbor Symposia on Quantitative Biology 5 1 :263). The PCR reactions comprised 35 
cycles at an annealing temperature of 55 °C for 45 seconds. 

A fourth DNA encoding a portion of the Edg 5/3(i3ct) chimera was produced in a 
secondary PCR reaction with primers SEQ ID NO: 18 and SEQ ID NO:25 and using lO^il 
each of the first and second DNA generated from the primary 50|il PCR reaction as the 
template. DNA encoding the full length Edg 5/3(i3ct) chimera was then produced in a 
tertiary PCR reaction with primers SEQ ID NO: 18 and SEQ ID NO: 19 and using lOjxl 
each of the third and fourth DNA generated from the primary 50|il PCR reaction as the 
template. The first and second DNA 5 and the third and fourth DNA had overlapping 
complementary ends. PCR reactions comprised 40 ng/jj.1 of each primer, 0.2mM dNTPs, 
0.02 U/^il VENT™ polymerase in IX Thermopol™ buffer (Carruthers et al. 1994 JBC 
269:29321 ; adapted from Short Protocols in Molecular Biology. 3 rd edition 1995 John 
Wiley and Sons, Inc. New York, NY). The PCR reactions comprised 35 cycles at an 
annealing temperature of 55°C for 45 seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 
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\ Table 5 

PCR Primers fonGenerating Chimeric Edg 5 Receptors 



Primer Direction Position 

Edg-5 (SEQ ID NO: 18) l\ 

Edg-3 (SEQ ID N0:19) rev 113A 
E5/3 (SEQIDNO:20) 864 X 

E5/3 (SEQIDN0:21) rev 864 
E5/3i3 (SEQIDNO:22) 633 

E5/3I3 (SEQIDNO:23) rev 633 
E5/3i3 (SEQIDNO:24) 723 

El/3 i3 (SEQ ID NO:25) rev 723 



Sequence 5'-3' 

CCC/GCG/GTT/AAC/ATG/GGC/AGC/TTG/TAC/TCG 
CGC/ GGA/TCC/TCA/GTT/GCA/ GAA/G AT/CCC 
CGT/CAT/CTA/CAC7GTG/GGC/CAG/CAA/GGA/GAT/GCG/G 
CCG/C^T/CTq/CTT/GCr/GGC/CCA/CGT/GTA/GAT/GAC/G 
^VT/CTA/CTG/CGT/GGT/CAA/GTC/CAG/CAG/CCG/TAA/G 
C^/ACG/GCT/GCT/GGA/CTT/GAC/CAC/GCA/GTA/GAT/G 
CAQCTGC/TGC/ GGA/CCG/TGA/CCA/TCG/TGC/TAG/ GCG/TC 
GACyOCC/TAG/CAC/GAT/GGT/CAC/GGT/CCG/CAG/CAG/TG 



6.6 Preparation of Vector for Expression of Chimeric 
GPCREde 8/4fcO 

This example demonstrates the construction of a vector for the expression of 
a chimeric Edg receptor, Edg 8/4(ct), which is designed from Edg 8 and includes the 
carboxy terminal strand from Edg 4 mt. 

cDNA encoding the wild type Edg 8 receptor and Edg 4 mt receptor (Accession 
No. AF01 1466) were obtained from Dr. Edward Goetzl (UCSF) and subcloned into the 
pLXSN vector (Clontech Labs, Palo Alto, CA). 

A vector for expressing Edg 8/4(ct) was produced by PCR-based, splice-overlap 
mutagenesis in which the carboxy terminal strand of Edg 8 was replaced with the carboxy 
terminal stand of Edg 4 mt. 

In particular, a first DNA encoding all of Edg 8 except the carboxy terminal strand 
(Edg 8 amino acid residues 1-308) was produced by PCR with primers SEQ ID NO:26 
and SEQ ID NO:29 using the Edg 8 cDNA as a template. Primers for the construction of 
chimeric Edg 8 receptor are listed in Table 6, below. A second DNA encoding the 
carboxy terminal strand of Edg 4 mt (Edg 4 mt amino acid residues 298-382) was 
produced by PCR with primers SEQ ID NO:28 and SEQ ID NO:27 using the Edg 4 
cDNA as a template. PCR reactions comprised 1 ng/jiL template, 40 ng/juL each primer, 
0.2 mM dNTPs, 0.02 U/^iL VENT™ polymerase in IX Thermopol™ buffer (Mullis, K. et 
al. 1996. Cold Spring Harbor Symposia on Quantitative Biology 51:263). The PCR 
reactions comprised 35 cycles at an annealing temperature of 55°C for 45 seconds. 

DNA encoding the full length Edg 8/4(ct) chimera was produced in a secondary 
PCR reaction with primers SEQ ID NO:26 and SEQ ID NO:27 and using lO^il each of the 
first and second DNA generated from the primary 50(il PCR reaction as the template. 
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The first and second DNA had overlapping complementary ends. PCR reactions 
comprised 40 ng/fil of each primer, 0.2mM dNTPs, 0.02 U/^l VENT™ polymerase in IX 
Thermopol™ buffer (Carruthers et al. 1994 JBC 269:29321; adapted from Short 
Protocols in Molecular Biology. 3 rd edition 1995 John Wiley and Sons, Inc. New York, 
NY). The PCR reactions comprised 35 cycles at an annealing temperature of 55°C for 45 
seconds. 

The accuracy of each PCR step was verified by dideoxy sequencing. 




\ Table 6 

PCR Primers for Generating Chimeric Edg 8 Receptors 



Primer Direction 

Edg-8 (SEQ ID N0:26) 

Edg-4-mut (SEQ ID N0:27) rev 

E8/4 (SEQIDNO:28) 

E8/4 (SEQIDN0:29) rev 



Positron Sequence 5'-3' 

1 \ CCQGCG/GTT/AAC/ATG/GAG/TCG/GGG/CTG/CTG 
1149 \ CGC/GGA/TCC/TCA/GTC/CTGATG/GTT/GGG 
920 \ CCA/TCA/TCT/ACA/CGC/TCC/GAG/ATG/CTG/AGA/TGC/G 
920 ^CGC/ATC/TCA/ GCA/TCT/ CGG/AGC/GTG/TAG/ATG/ATG/G 



6.7 Expression of Chimeric GPCRs 

This example demonstrates the preparation of cells expressing the chimeric Edg 
receptors of the above examples. 

DNAs encoding Edgl, Edg l/3(ct), Edg l/3(i3ct), Edgl/3(i2i3ct), Edg 5/3(i3ct) 
and Edg 8/4(ct) were co-transfected with pEco-IRES-Puro (obtained from Thomas Quinn, 
Clontech Labs, Palo Alto, CA), which provides an ecotropic envelope for viral 
replication, into packaging cell line GP-293. Cell line GP-293 has integrated in its 
genome gag and pol, genes necessary for viral packaging from vesicular stomatitis virus 
(Clontech Labs., Palo Alto, CA). 

Media from GP-293 cells was collected and filtered through a 0.45 mm PES 
syringe filter to remove cell debris. Polybrene (hexadimethrine bromide, Sigma) was 
added to each virus laden supernatant to a final concentration of 4 mg/ml. After removing 
the culture medium from the target cells, the virus-laden medium was used to overlay the 
host cell line HTC4 (rat hepatoma cell line; from Ed Goetzl, UCSF). Following infection, 
cells were incubated for 18-24 hours. Cells resistant to antibiotic (Geneticin, G418, 
400 mg/ml, Sigma) were selected. Clonal populations were selected from the pooled 



-39- 



CAl -279195.1 



stable cells using a standard limiting dilution technique (adapted from "Antibodies: A 
Laboratory Manual"; 1988, Harlow, E. and Lane, D., Cold Spring Harbor Laboratory, 
New York). 

6.8 Activity of Chimeric Edg 1 Receptors 

This example demonstrates that chimeric Edg 1 receptors of the above examples 
respond to a Edg 1 agonist by mobilizing intracellular calcium. 

HTC4 rat hepatoma cells stably transfected with Edg 1, Edg l/3(ct), Edgl/3(i3ct) 
or Edgl/3(i2i3ct) according to Example 6.7 were plated on 384-well plates and loaded 
with a calcium dye loading kit (Molecular Devices, Sunnyvale, CA) for 1 hour at room 
temperature. Cells were then placed on FLIPR 384 (Molecular Devices, Sunnyvale, CA) 
and excited by an argon laser at 488 nm. In this assay, fluorescence changes over basal 
levels indicate an increase in intracellular calcium. In FIG. 2, basal fluorescence is at 0 
(arbitrary units). The cells were contacted with 100 nM of the Edg 1 agonist sphingosine- 
1-phosphate (SIP) 50 seconds after the start of the assay. 

As shown in FIG. 2, cells expressing Edg 1 showed no change in intracellular 
calcium. In contrast, cells expressing Edgl/3(i3ct) or Edgl/3(i2i3ct) displayed a 
significant change in intracellular calcium, indicating that these chimeric receptors couple 
robustly to calcium mobilizing pathways. FIG. 4 demonstrates that Edg l/3(ct) chimera is 
also functional, although not as robust as Edgl/3(i3ct) or Edgl/3(i2i3ct). Thus, the 
cytoplasmic tail of Edg 3 alone can confer some level of Gaq coupling, and this effect is 
enhanced by the introduction of additional intracellular loops 3 and 2 (see FIG. 2). 

These results demonstrate the effectiveness of Edg chimeras designed from a first 
Edg receptor and having chimeric ICDs with one, two or three intracellular strands from a 
second Edg receptor that couples with Gaq. In particular, such chimeras are capable of 
responding to an agonist of the first Edg receptor by mobilizing intracellular calcium. 

6.9 Dose Response of a Chimeric GPCR 

This example demonstrates that a chimeric Edg 1 GPCR is capable of mobilizing 
intracellular calcium in a dose-dependent manner. 

HTC4 rat hepatoma cells stably transfected with Edgl/3(i3ct) according to 
Example 6.7 were plated on 384-well plates and loaded with a calcium dye loading kit 
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(Molecular Devices, Sunnyvale, CA) for 1 hour at room temperature. Cells were then 
placed on FLIPR 384 (Molecular Devices, Sunnyvale, CA) and excited by an argon laser at 
488 nm. Fluorescence changes over basal are seen as an increase in intracellular calcium. 

As shown in FIG. 3, the cells displayed a dose dependent response to the Edg 1 
agonists sphingosine- 1 -phosphate ("SIP", EC50 -10 nM) and dihydro sphingosine- 1- 
phosphate ("dihydro SIP", EC50 -10 nM). The cells also responded to sphigosine 
phosphoryl choline ("SPC") at higher concentrations. The cells also responded to 
sphingosylphosphoryl choline ("SPC") at significantly higher concentrations. These 
results are comparable to the Edg 1 ligand binding profile for these compounds reported 
in the literature (Van Brocklyn et al. 9 1998, J. Cell Biol 142:229-240; van Koppen et al, 
1996, J. Biol. Chem. 271:2082-2087; Hla, 2001, Prostaglandins and other Lipid 
Mediators 64:135-142; Parrill et al. 9 2000, J. Biol Chem. 275:39379-39384). 

6.10 Activity of Chimeric Edg 5 and Chimeric Edg 8 
Receptors 

This example demonstrates that chimeric Edg 5 and chimeric Edg 8 receptors of 

the above examples respond to an agonist of Edg 5 and Edg 8 by mobilizing intracellular 

calcium. 

HTC4 rat hepatoma cells stably transfected with Edg5/3(i3ct) and Edg8/4(ct) 
according to Example 6.7 were plated on 384-well plates and loaded with a calcium dye 
loading kit (Molecular Devices, Sunnyvale, CA) for 1 hour at room temperature. Cells 
were then placed on FLIPR 384 (Molecular Devices, Sunnyvale, CA) and excited by an 
argon laser at 488 nm. In this assay, fluorescence changes over basal levels indicate an 
increase in intracellular calcium. In FIG. 5, basal fluorescence is at 0 (arbitrary units). 
The cells were contacted with 100 nM of the Edg 5 and Edg 8 agonist sphingosine- 1- 
phosphate (SIP) 50 seconds after the start of the assay. 

FIG. 5 demonstrates that Edg5/3i3 and Edg8/4 mobilize intracellular calcium in 
response to an agonist of the native Edg 5 or Edg 8 receptor. 

These results further demonstrate the effectiveness of Edg chimeras designed from 
a first Edg receptor and having chimeric ICDs with one or two intracellular strands from a 
second Edg receptor that couples with Gaq. In particular, such chimeras are capable of 
responding to an agonist of the first Edg receptor by mobilizing intracellular calcium. 
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Various embodiments of the invention have been described. The descriptions and 
examples are intended to be illustrative of the invention and not limiting. Indeed, it will 
be apparent to those of skill in the art that modifications may be made to the various 
embodiments of the invention described without departing from the spirit of the invention 
or scope of the appended claims set forth below. 

All references cited herein are hereby incorporated by reference in their entireties. 
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